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© Information-recording thin film and method for recording and reproducing information. 

© An information-recording thin film capable of changing an atomic configuration upon exposure to a recording 
S energy beam, formed on a substrate directly or through a protective layer composed of at least one of inorganic 
^materials and organic materials, an average composition in the direction perpendicular to the film plane of the 

information-recording thin film being represented by the following general formula: 
JGGexTevSbzAaBfl 

(Owherein X, Y, Z. a and 0 are in ranges of 0 S X S 18, 45 £ Y £ 70, 11 £ Z S 54, 0 S a S 20 and 0 S fi S 20 and 1 
+ 0 Z 20 in atomic percentage, A is at least one element of Tl, halogen elements and alkali metal elements 
and B is at least one element of Co, Fe, Ni, Sc, Ti, V, Cr, Mn, Cn, Zn, Y, Zr, Nb. Mo. Ru. Rh, Pd. Ag. Cd. Hf, Ta. 
ft-W, Re, Os, ir, Pt and An has distinguished recording and reproducing characteristics and can record information 
•^stably for a long time and rewrite information many times. 
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BACKGROUND OF THE INVENTION 

pJipM of redo,*,, on . Wn "^^^^T^ a^«"» P«— • • 
recording based or changes m phases between ^en r'JT^JL m on*oos phase, end also ctraogas 
phase - «*. online pb» ^.^fZl^ZJTZ^m JLstoo of the film, aad 

etc. are mentioned. * . oiom«nts includinq Ge, Te and Sb as the mam 

Information recording thin films contam.ng No. 81-258787. where the 

{(SbxT ^f 0 G 2 9 to o'fy is 0.4 to 0.8 and z is 0.01 to 0.5; and M is an element selected from the group 
wnsfstingo? metallic elements up to the atomic ^^'^^'^^^^ri^e (write-once) or 
However, all of these prior art thin films have f, 8 *^"^.^^^ spe ed during the energy 
rewritable (reversible) phase transition record.ng m "^^Z^S^S^ wording points, a 
beam irradiation owing to the iow ^^fJ^^^^Z^ reproduced signal intensity, 
poor stability of amorphous state at the ord ^J e ^^Z^oi Z preceding signal, after-image. 

b^^'W^^ th6re ^ b9Sn Pr0b,8mS ' th6ir 
practical applications. 

SUMMARY OF THE INVENTION 

T^djT* the present invention is to provide a method for recording and reproducing 

s SS£»^ avera9e composition 

represented by the following formula in the direction P erpend.cular to the film piane. 
GexTeySb z A a B a < ? n n <s fl S 20 and 1 S a + /S * 20, the amounts of 

example, addition of 1 atomic % to 20 atomic % of ° fi m aaart j 0 n of not more than 

the oxidation resistance. From the viewpoint of easy J^^^J^Sk ^SaWe. 
10 atomic -/..particularly not more than 1 McJ^ .^^^^ ^ present information- 
The average composition in the d.recbon ^^^'^^^^kepT within the foregoing ranges, 
recording thin film may be changed so long ■ ^^^^n^r^on 
However, it is preferable that the change .n the compos.ton » not effectjve , fadlitate 

such as Co, etc.. that is. the ^ me ^^ re s ^" te ^ 3^^^^^ ^^ etc.. thereby increasing 

JESS sa^cTSK — « is - can improve * e 

stability of amorphous state. 
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The present information-recording thin film within the foregoing composition ranges has distinguished 
recording-reproducing characteristics with a lower laser beam power for the recording and erasing, and also 
has a good stability. 

It is more preferable if 0 S X £ 1 4 is satisfied. 
5 More preferable ranges for X, Y. Z, a and & are 2 S X £ 9, 54 £ Y £ 67, 22 S Z £ 42, 0 £ a £ 10, 0 £ B 
£ 1 5 and 2 5 a + £ £ 20. 

It is more preferable that at least two of these conditions are satisfied at the same time. It is more 
preferable if 2 £ 0 £ 15 is satisfied. 

Particularly preferable ranges for X, Y, Z, a and 0 are 2 £ X S 9, 54 £ Y £ 67, 22 S Z £ 42, 1 £ or £ 7, 1 
70 £ jS S 10 and 2 £ a + 0 S 15. All of these conditions must be satisfied at the same time. 

Among the elements represented by A in the foregoing formula, Tl is particularly preferable and I and 
Na are next preferable. 

When only either the element represented by A or the element represented by B is contained, the 
element represented by A is preferable with respect to easy preparation of a thin film, whereas the element 

/5 represented by B is preferable with respect to the oxidation resistance. 

It is preferable that at least one side of the present information-recording thin film is tightly covered and 
protected with other material, and it is more preferable to protect the two sides. The protective layer may be 
composed of a synthetic resin (organopolymer compound) plates such as acrylic resin plate, polycarbonate 
plate, epoxy resin plate, etc. which serve also as a substrate, or organic materials such as acrylic resins, 

20 polystyrene, polycarbonate, epoxy resins, polyimides, polyamides, polyethylene, etc., or may be composed 
of inorganic materials containing oxides, fluorides, nitrides, sulfides, carbides, borides, boron, carbon or 
metals as the main component, or may be composed of their composite materials. 

It is preferable that at least one of the protective layers adjacent to the information-recording thin film is 
composed of the inorganic material, A substrate composed of glass, quartz, sapphire, iron, titanium, or 

25 aluminum as the main component can work as an inorganic protective layer. Among the organic and 
inorganic materials, tight covering with the inorganic materials is preferable with respect to the heat 
resistance. However, a thicker inorganic material layer (excluding the application as a substrate) is liable to 
cause at least one of crack development, decrease in transmissivity, and decrease in sensitivity, and thus 
the inorganic material layer must be made thinner, and it is preferable to tightly cover the opposite side of 

30 the inorganic material layer to the recording film side with a thicker organic material layer to increase the 
mechanical strength. The organic material layer may be a substrate. Deformation can be made less 
thereby. The organic materials for use to this end include, for example, polystyrene, polyimides, 
polyamides, polycarbonate, epoxy resin, ethylene-vinyl acetate copolymer, etc. known as hot-melt adhe- 
sives, and tackifying agents, etc. UV light curing resin may be used. A protective layer composed of 

35 inorganic materials can be formed as such by electron beam deposition, sputtering, etc. or can be more 
readily formed by reactive sputtering, or by forming a film composed of at least one element of metals, 
semi-metals and semiconductors, and reacting the film with at least one of oxygen, sulfur and nitrogen, 
inorganic material protective layers are composed of, for example, oxides of at least one element selected 
from the group consisting of Ce, La, Si, In, Al, Ge, Pb, Sn, Bi, Te, Ta, Sc, Y, Ti, Zr, V, Nb, Cr. and W, 

40 sulfides or selenides of at least one element selected from the group consisting of Cd, Zn, Ga, In, Sb, Ge, 
Sn, and Pb, fluorides of Mg. Ce, Ca, etc., nitrides of Si, Al, Ta, B, etc., borides of Ti, etc.. crabides of B, 
etc., and boron and carbon, and the main component has a composition approximating to one of, for 
example, Ce0 2 , La 2 0 3 , SiO, Si0 2 , ln 2 0 3l Al 2 0 3 . GeO. Ge0 2 . PbO, SnO, Sn0 2 , Bi 2 0 3 , Te0 2 , W0 2 , W0 3 , 
Ta 2 0s, Sc 2 0 3 , Y 2 0 3 , Ti0 2 . Zr0 2 , CdS. SnS. CdSe, ZnSe, ln 2 S 3 , ln 2 Se 3> Sb 2 S 3 , Sb 2 Se 3 . Ga 2 S 3 . MgF 2 , 

45 CeF 2 , CeF 3i CaF 2 , GeS. GeSe, GeSe 2 . SnS, SnSe, PbS, PbSe, Bi 2 Se 3 , TaN, Si 3 N 4 , AIN. Si, TiB 2 , BaC, 
SiC, B and C. 

Among these materials, nitrides have not so high surface reflectivity and can produce a stable film, and 
a composition approximating to TaN. Si 3 N* or AIN is preferable with respect to rigidity. Preferable oxides 
have a composition approximating to Y 2 0 3l Sc 2 0 3 . Ce0 2 , Ti0 2 , Zr0 2 . ln 2 0 3 . Al 2 0 3 , Sn0 2 or Si0 2 . Si or C 
so is also preferable. 

When a thin film is exposed to light the reflected light is generally a superposition of a reflected light 
from the thin film surface and another reflected light from the back side of the thin film, and thus undergoes 
an interference. When a signal is read through changes in the reflectivity, the effect of interference is 
increased by providing a reflecting (absorbing) layer near the recording film, and consequently the read-out 
55 signal can be intensified. To more increase the effect of interference, it is preferable to provide an 
intermediate layer between the recording film and the reflecting (absorbing) layer. The intermediate layer is 
also effective for preventing interdiffusion between the recording film and the reflecting layer at the 
recording and rewriting. 

3 
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ThP nresent recording film can be dispersed in the oxides, fluorides, nitrides, organic materials, ^ete. or 
material itself, 0.1 to 20 nm; 

Protective layer of organic material: 10 nm to 10 mm; 
Intermediate layer. 3 to 500 nm; 

plasma polymerization, etc. upon proper se'ecjon. ^ amorpnous 

^^Th©^ye^!fl^Vew>rding member can be used not oniy in a disk form, but a.so in a tape form, a card 

. sensitivity and a high stability of recorded state. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a cross-sectionai profile of an information-recording thin film according to one embodiment 
of the P--;^ e n maac vjew showing a,,, intemal structure of a vacuum evaporation apparatus for use 
in potion ^p^ nt — n^ S tijin fikn^ ^ ^ ^ ^ _ 

of the present invention. 

PREFERRED EMBODIMENTS OF THE INVENTION 
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55 "TeSeen^eTndividual boats and the substrate there were provided masks 6. 7. 8 and 9 having a sector 
,, Be ^t?lT n i l 12 and 13 The substrate 14 was set to rotate at 120 rpm. wh.le an electnc current 
TJ%£T^^T^:^ biam was irradiated onto the eiectron beam evaporation 
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source to evaporate the source materials. Co could be also evaporated from an evaporation boat by 
resistance heating. 

As shown in Fig. 1, a recording film 21 having a composition of GesTe55Sb32TVwas deposited onto 
the ZnS layer 20 on the substrate 19 to alhickness of about 100 nm. The film thickness was such that the 
light reflected on the interface of the recording film with the substrate-side protective layer interferred with 
the light reflected on the back side of the recording film and the reflectivity became substantially a 
minimum at the wavelength of laser beam used for the read-out when the recording film was in an 
amorphous state or in a poorly crystallized state. Then, an intermediate layer 22 having a composition 
substantially equal to ZnS was successively formed to a film thickness of about 200 nm thereon also by 
magnetron sputtering. Finally, a Ni reflective layer 23 was formed thereon to a thickness of 100 nm. 
Likewise, a protective layer 20' having a composition substantially equal to ZnS was vapor deposited onto a 
similar substrate 19', and then a recording film 21 having the composition of GeaTe5sSb32Tl5 and an 
intermediate layer~22' having a composition substantially equal to ZnS and a Ni reflective layer 23 were 
successively vapor~deposited thereon. The thus prepared two substrates 1j5 and 19 were joined together 
by pasting through an organic adhesive layer 24 so that the Ni-reflective layers 23 and 23 could be faced 
inwardly to prepare a disk. 

Recording of the thus prepared disk in an optical disk drive (recording and reproducing apparatus) was 
carried out in the following manner. 

The disk was rotated at 1,800 rpm, and one of the recording films was exposed to a beam of semi- 
conductor laser (wavelength : 820 nm). kept at a non-recording power level (about 1 mW) and condensed 
by a lens in the recording head, through the substrate. The reflected light was detected while driving the 
head so that the center of the light spot could always fail into the tracking groove. 

Automatic focusing was carried out so that the focus could fall on the recording film while conducting 
the tracking in this manner, and in the recording part recording was earned out by changing a laser power 
between 7 m W at which the crystallization took place, and 1 6 m W at which formation of an amorphous state 
took place, as shown in Fig. 3. The substantially amorphous portion in the recorded part was regarded as a 
recording point. After the recording part, the laser power was lowered to 1 mW. and the tracking and 
automatic focusing were continued. During the recording, the tracking and autofocusing were continued. 
When such recording procedure was applied to the already recorded part, the recorded information was 
replaced with newly recorded information. That is. it was possible to make overwriting by a single circular 
light spot. 

It is needless to say that, after erasing by irradiation with a specific power, recording may be carried by 
irradiation with a modulated power. It is the feature of the present recording film material as disclosed in 
this Example that such overwriting is possible in this manner, and the retention time of recorded state is 
longer. 

Recording and erasing could be carried out in repetitions of at least 3 x 10 5 . Without the ZnS layers 
over and below recording films, the noise was slightly increased after a few repetitions of recording and 
erasing. 

Read-out was carried out in the following manner. 

The disk was rotated at 1.800 rpm, and the intensity of reflected light of semi-conductor laser beam 
with such a low power not enough to effect recording and erasing was detected to reproduce information, 
while conducting the tracking and autofocusing in the same manner as in the recording. In this Example, 
reproduced signal voltage of about 100 mV was obtained. The recording film according to this Example also 
had a good oxidation resistance. For example, the recording film without formation of the ZnS protective 
layer or Ni protective layer was not substantially oxidized even if placed at 60* C and a relative humidity of 
95%. 

The activation energy for crystallization of substantially amorphous portion formed by laser beam 
irradiation was as high as 3.0 eV. 

When in the foregoing recording film of Ge-Te-Sb-Tl system, the Ge content was varied, while keeping 
the Tl content constant at 1 atomic % and the Te and Sb contents in a constant ratio, the necessary 
irradiation time for the crystallization was changed as follows: 
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time 
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irradiation time for the crystallization was changed as follows: 

Crystallization time 
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Y = 50 Z - 37 

Y - 45 Z = 42 

Y = 40 Z - 47 



Crystallization time 
0.25 ys 
0.3 ys 
0.6 ys 



When in the foregoing the Tl content was kept constant at 1 atomic % and the Ge content constant at 
45 1 8 atomic %, the following crystallization time was obtained: 





Crystallization 
time 


Y = 70Z = 11 

Y = 45 Z = 36 


0.3 us 
0.3 US 
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When in the foregoing the Tl content was kept constant at 1 atomic %. the following crystallization time 
was obtained: 
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When in the foregoing the Tl content was kept constant at 2 atomic %, the following crystallization time 
was obtained: 
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Crystallization 
time 
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When in the foregoing the Tl content was kept constant at 2 atomic % and the Ge content constant at 9 
atomic %, the following crystallization time was obtained: 
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Crystallization 
time 


Y = 67 Z = 22 

Y = 54 Z = 35 


0.1 US 

0.1 us 



When in the foregoing the Tl content was kept constant at 2 atomic % and the Ge content constant at 2 
atomic %, the following crystallization time was obtained: 
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time 


Y = 67 Z = 29 

Y = 54 Z = 42 


0.1 US 
0.1 US 



When in the foregoing recording film of Ge-Te-Sb-TI system the Tl content was varied while keeping a 
ratio of Ge, Te. and Sb constant, the crystallization time and the surface reflectivity with no protective layers 
were changed as follows: 
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Crystallization 
time 


Change in surface reflectivity 
when kept at 60* C for one month 
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Cotton .V ~m* — M ~*g Jr. , »~ M - « protect ,.,e, 

Wereon «as rentable v*en the T I content »M 20; .tonne or ^ of -p, 
When a. lens, one f™« ^^^JrS^X ffie nategens F. C Bt and ,. 

content) and the Co content was varied while keeping the ratio of ^e to 
crystallization temperature was changed as follows: 
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The element represented by A such as U etc. is superior to the element represented by B such as Co, 
^^•*'**^"*^^?J^Z%L and the Co content «es 

recording was changed as follows: 
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By cont^ 0O* etenjnj — * 
in the toning (^T^Sb-Co eysttm ^ d j^^™^^ Mo. Re. Bh. M. Ag. Cd. Ht. Te. W. 
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preferable with respect to the recording laser power; V and Cr are preferable with respect to the reproduced 
signal intensity; Fe and Rh are preferable with respect to the crystallization time; Zr and Mn are preferable 
with respect to the crystallization temperature;, and Nb, Pt and Aii are preferable with respect to the 
environment resistance. 

5 Other inorganic transparent materials having compositions similar to Ge0>2. AI2 03, Si02, CeOa, Y2O3 

SiO, Y-containing ZrOz, TaaOs. AIN, TaN, etc. are applicable as an intermediate layer and a protective layer 
in place of ZrS. An organic layer can be used, but the number of possible rewritting is decreased. When the 
intermediate layer has a film thickness of 3 to 40 nm, an interdiffusion between the recording film and the 
reflecting layer can be prevented at the recording and rewriting, but optically it can be regarded that there 
10 is substantially no intermediate layer. That is, a dependence of reflectivity on wavelength due to the light 
interference is similar to that of a two-layer structure of recording film and reflecting layer. 

As a material for the reflecting layer, many semi-conductors, semi-metals, metals or their mixtures or 
their compounds such as Bi, Bi 2 Te3, Te. Sn. Sb, Al, Au, Pb t Ni-Cr, etc. could be used in place of NL 

The recording film of this Example also had a good oxidation resistance, and even if there were 
15 pinholes on the protective layer, no further oxidation proceeded in the neighborhood of the pinholes. 

In case of the disk with no Ni reflective layers, noises due to the recording and rewritting a little 
increased, but the disk itself was sufficiently practically applicable. In this case, a range of the thickness of 
the recording film was preferably 60 nm to 350 nm. more preferably 80 nm to 200 nm. 

As explained above, the present invention can provide an information-recording medium with distin- 
20 guished recording and reproducing characteristics and a prolonged stability according to a simple method 
with a good reproducibility. Rewritting of information can be made many times. 

Recording by an electric current to the same recording thin films mentioned in this Example is possible 
by sandwiching each of them between electrodes. 

25 

Claims 

1. An information-recording thin film capable of changing an atomic configuration upon exposure to a 
recording energy beam or an electric current, formed on a substrate directly or through a protective layer 

30 composed of at least one of inorganic materials and organic materials, an average composition in the 
direction perpendicular to the film plane of the information-recording thin film being represented by the 
following general formula: 
GexTeySbxAaBjS 

wherein X, Y, Z. a and 0 are in ranges of 0 £ X £ 18. 45 £ Y £ 70. 11 £ Z £ 54, 0 £ a £ 20 and 0 £ 0 £ 20 
35 and 1 £ a + 0 & 20 in atomic percentage, A is at least one element of Tl, halogen elements and aikali 
metal elements and B is at least one element of Co, Fe, Ni, Sc, Ti, V, Cr. Mn, Cu, Zn, Y. Zr, Nb, Mo. Ru. 
Rh, Pd, Ag, Cd, Hf, Ta. W, Re, Os, Ir, Pt and Au. 

2. An information-recording thin film according to Claim 1, wherein the element represented by A is Tl. 

3. An information-recording thin film according to Claim 1 , wherein the element represented by B is Co. 
40 4. An information-recording thin film according to Claim 1, wherein the atomic percentage of Ge is 

represented by the following formula: 
0SXS14 

5. An information-recording thin film according to Claim 1, wherein the atomic percentage of the 
elements represented by B is represented by the following formula 

45 2Sj9S15 

6. A method for recording and reproducing information which comprises a step of exposing to a 
recording energy beam an information-recording thin film provided on a substrate directly or through a 
protective layer, an average composition of the thin film being represented by the general formula: 
GexTeYSbzAaB/s 

so wherein X, Y, Z, a and 0 are in ranges of 0 £ X £ 18, 45 £ Y £ 70. 11 £ Z £ 54, 0 £ a S 20 and 0 £ 0 £ 20 
and 1 £ a + 0 £ 20 in atomic percentage. A is at least one element of Tl, halogen elements and alkali 
metal elements and B is at least one element of Co. Fe, Ni, Sc, Ti, V. Cr, Mn, Cn, Zn, Y, Zr, Nb, Mo, Ru, 
Rh, Pd, Ag, Cd, Hf, Ta, W, Re, Os, ir, Pt and An, thereby changing the atomic configuration at the exposed 
part of the thin film, and a step of exposing a reproducing beam to the thin film, thereby reading out the 

55 change in the atomic configuration. 

7. A method according to Claim 6, wherein the element represented by A is Tl. 

8. A method according to Claim 6, wherein the element represented by B is Co. 

9. A method according to Claim 6, wherein the recording energy beam is a laser beam. 

9 
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,0. A rcdrcd - e. «he* ft. add* Pontage c, 0. Is r.praaaa»d by ft. 

following formula: 

° S " llthcd acceding >o Cain, 6. «*ar* «» atomic pprcaataga tf «ha *- rapr.aan.ad P» B i. 
5 represented by the following formula: 
2 S & $ 15 
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® Information-recording thin film and method for 

CO 

^ © An information-recording thin film (21) capable of 
0> changing an atomic configuration upon exposure to a 
*P recording energy beam, formed on a substrate (19) 
~ directly or through a protective layer (20) composed 
If) of at least one of inorganic materials and organic 
materials, an average composition in the direction 
perpendicular to the film plane of the information- 
O recording thin film being represented by the follow- 
q ing general formula: 
UJ GexTevSbzAcBj 



recording and reproducing information. 

wherein X, Y, Z, a and 0 are in ranges of 0 & X £ 1 8. 
45 S Y S 70, 11 £ Z £ 54. 0 £ or £ 20 and 0 £ £ £ 20 
and 1 S a + ^ 20 in atomic percentage, A is at 
least one element of Tl, halogen elements and alkali 
metal elements and B is at least one element of Co, 
Fe. Ni, Sc, Ti. V. Cr. Mn, Cn. Zn. Y. Zr, Nb. Mo. Ru. 
Rh. Pd. Ag. Cd. Hf, Ta. W. Re. Os. Ir. Pt and An has 
distinguished recording and reproducing characteris- 
tics and can record information stably for a long time 
and rewrite information many times. 
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